It is 70 years since Wendell Stanley succeeded in obtaining a virus, tobacco mosaic virus (TMV), in sufficient yield and purity to allow its crystallization---a tribute to both his perseverance and virus productivity. Now, with the availability of molecular clones for virus capsid proteins and a range of expression technologies, it is possible to obtain, even for viruses that do not grow so profusely, the yield and purity of particles, subparticles, or individual proteins that allow high-resolution analysis. The outcome of these developments is a wealth of data on precisely how viruses are put together and how the mechanisms of assembly and disassembly work. Moreover, this is now available for viruses with far more complex structures than TMV, including those that have lipid membranes in the final virion. The topic of virus assembly led to a small symposium (Virus Structure and Assembly, Marrakech, Morocco, 1995) that engaged biological and physical scientists in the problem. It was so successful that a biannual series followed and, from them, the suggestion of a symposium volume dedicated to recent progress. The result is witness to the remarkable advancement in the field of virus structure and assembly and allows a unique opportunity to compare and contrast the mechanisms adopted by viruses with a wide diversity of genome and host.

Chapters 1 and 2 deal with the assembly of two structurally different bacteriophages. It has been generally assumed that what is learned about one tailed phage will likely apply to all others, but as the vastness of the global phage population has been realized only recently, the security of such an assumption remains untested. Nevertheless, the handful of phages that have been studied to date has revealed much about phage assembly mechanisms. Bacteriophage HK97, the subject of Roger Hendrix\'s article, exhibits a number of assembly mechanisms, among them mechanisms that appear to be shared widely with other tailed phages and others that, if not unique to HK97, are at least unusual. A double-stranded RNA (dsRNA) bacteriophage, ϕ6, is one of the best-characterized dsRNA viruses. Elegant studies combining molecular and biophysical techniques have revealed how the virion is constructed step by step. Bamford *et al*. summarize the fascinating story of this phage in Chapter 2. In [Chapter 3](10.1016/S0065-3527(05)64003-1), Reddy and Johnson discuss the VIPER database, a repository for all high-resolution structures of simple nonenveloped, icosahedral viruses. The database is based on one standard convention that facilitates the subsequent rapid analysis of these structures. In [Chapter 4](10.1016/S0065-3527(05)64004-3), Polly Roy summarizes the current understanding of the three-dimensional structure of bluetongue virus (BTV) particles, subviral particles, and proteins and their role in the various stages of the virus life cycle as representative members of the *Reoviridae* family. They are grouped together by the characteristic segmented, double-stranded RNA genomes enclosed in complex, multilayered capsids. The *Reoviridae* family is one of the largest families of viruses and includes major human pathogens as well as other vertebrate, plant, and insect pathogens. BTV has the added dimension of being transmitted by *Culicoides* species and, because of its economic significance, BTV now represents one of the best-characterized viruses.

Steven *et al*., in [Chapter 5](10.1016/S0065-3527(05)64005-5), review current information concerning the structure and assembly of hepatitis B virus (HBV), one of the major causes of liver disease in humans. In addition, they present insights into HBV antigenicity through a comprehensive coverage of historical and recent data and go on to describe the potential of HBV capsids for the cellular delivery of foreign epitopes. The next few chapters are dedicated to viruses with a positive-stranded RNA genome. In [Chapter 6](10.1016/S0065-3527(05)64006-7), de Haan and Rottier review the assembly of coronaviruses, with an updated overview of various aspects of coronavirus research in the assembly field, emphasizing particularly the interactions between the different structural components of the virus and the processes involved in formation of infectious virus particles. The subsequent two chapters also relate to enveloped RNA viruses, and both focus on virus envelope structure--function relationships. Harrison, in [Chapter 7](10.1016/S0065-3527(05)64007-9), reviews the structural biology that underpins the mechanism of membrane fusion by viral envelope proteins during virus entry. The focus is on two distinct classes of fusion protein typified by influenza virus and flavivirus, each of which catalyzes the fusion between the viral lipid bilayer and cellular membranes, diverse proteins with surprisingly similar mechanisms. The following chapter ([Chapter 8](10.1016/S0065-3527(05)64008-0)), by Kuhn and Rossmann, provides an update on recent progress in determining the high-resolution structure and assembly of icosahedral enveloped RNA viruses, in particular, alphaviruses and flaviviruses. This has been possible only as a result of advances made in cryoelectron microscopy. Kuhn and Rossmann describe how the fitting of atomic resolution structures from one group of viruses into the cryoelectron microscopy density maps of another has generated "pseudoatomic" structures for selected enveloped viruses. These have allowed an understanding of the dynamic process of virus assembly, the intermediates involved, and the entry pathway described at the molecular level. Lanman and Prevelige ([Chapter 9](10.1016/S0065-3527(05)64009-2)) describe the application of mass spectrometry to the analysis of structures present in biological specimens, such as human immunodeficiency virus type 1 (HIV-1), which appear to be pleomorphic. They show how mass spectrometry could contribute to the understanding of complex macromolecular machines such as HIV-1 and serve as a complement to the traditional approaches of X-ray crystallography and electron microscopy.

In [Chapter 10](10.1016/S0065-3527(05)64010-9), Ono and Freed summarize the current understanding of the characteristics of lipid rafts, specific microdomains within biological lipid membranes. Lipid rafts have been the focus of intense interest as rafts appear to play a central role in a wide variety of cellular functions, including signal transduction and intracellular trafficking. It has become increasingly obvious that lipid rafts also play an important role in the replication of a number of viruses. The authors describe the connection between rafts and virus replication and the possible mechanisms by which these microdomains could promote virus entry and egress.

Klenk and colleagues in [Chapter 11](10.1016/S0065-3527(05)64011-0) discuss the polymorphism of two filoviral glycoproteins, those of Marburg and Ebola viruses. They compare and contrast the structural and functional polymorphism of these glycoproteins and discuss how each virus uses a distinct type of processing and posttranslational modification that, in turn, modulates the immune response of the hosts to virus infection. The closing chapter of the book concerns influenza virus, an enveloped virus with a segmented, single-stranded RNA genome that, because of the high incidence of influenza virus outbreaks with high morbidity, has been studied extensively. Here, Schmitt and Lamb review the progress that has been made toward understanding the various steps in the generation of infectious virus particles. Using influenza A as their model, they detail each step of the virus life cycle, including cell entry, organization and concentration of viral proteins at selected sites on the cell plasma membrane, recruitment of a full complement of eight RNA segments to the assembly sites, budding and release of particles by membrane fission, and spread of the virus from cell to cell.

Together, these chapters, all written by experts in their field, summarize our current state of knowledge in the field of virus structure and assembly. We are living through a time when many viral diseases are controlled by public health policies and vaccination. At the same time we face pernicious agents such as HIV and the challenge of emerging viruses. The molecular basis of virus assembly provides the basis for the rational design of intervention strategies that can only help to overcome these threats.

Polly Roy,

London, United Kingdom, 2005
